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Abstract 


Characteristics of Southern Hemisphere 200 mb flow are examined using 
geopotential height fields constructed with the aid of satellite-based thermal 
structure. Similar Northern Hemisphere, satellite-based fields are developed 
in order to make inter-hemispheric comparisons. Results indicate that both the 
zonal and meridional components of the S.H. eddy kinetic energy are as large as 
their N.H. counterparts. In winter the principal inter-hemispheric difference 
with respect to eddy kinetic energy is that the S.H. standing eddies are much less 
important only to the meridional component. Zonal component standing energy 
is about equal in the two hemispheres. In summer the S.H. has larger zonal eddy 
kinetic energy than the N.H. and smaller standing eddy contributions in both 
components. Although transient eddies are generally predominant in the S.H., 
estimates in this study of the standing eddy contribution are larger than previous 
values. The meridional spectra show a preference for intermediate size (k* 4, 5) 
transient waves. Ratios of zonal to meridional energies indicate that, especially 
at intermediate wavelengths, the S.H. waves are "more meridional" than those 


in the N.H. 
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1. Introduction 


The purpose of this paper is to describe certain characteristics of the large- 
scale, 200 mb flow in the Southern Hemisphere (S.H.) using geopotential height 
fields based on atmospheric temperature structure obtained from a satellite 
borne, multi-channel infrared radiometer. This study concentrates on the 200 mb 
level because it is a major contributor to the kinetic energy of the atmosphere 
and is representative of upper tropospheric or jet-stream flow patterns. Most 
previous studies of S.H. upper tropospheric flow have been based on data from 
the sparse radiosonde network there. Although estimates of parameters such 
as zonal-averaged zonal flow are fairly reliable, terms such as the kinetic energy 
contained in transient waves are difficult to describe adequately from the conven- 
tional data network. However, the satellite-based information used in this study 
has the spatial and temporal resolutions necessary to describe pertinent features 
of large-scale 200 mb flow. 

This study uses one winter month and one summer month of daily analyses 
in both the S.H. and the Northern Hemisphere (N.H.). The N.H., satellite-based 
calculations are compared to calculations made with National Meteorological 
Center (NMC) gridded data. Therefore, the validity of conclusions based on the 
S.H., satellite-based calculations can be readily judged. The geostrophic approx- 
imation is used to obtain the winds from the geopotential height distributions. 

The topics explored here include: 

a. zonal flow 

b. zonal and meridional eddy kinetic energy 

c. standing and transient eddy contributions 

d. spectral distribution of eddy kinetic energy 

e. horizontal anisotropy 
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2. Method used to obtain geopotential height fields from SIRS radiances. 


The S9tei»ue data for this study are from the Satellite Infrared Spectrometer 
(SIRS) instrument aboard the Nimbus 3 spacecraft. The technique used to obtain 
atmospheric structure information from the SIRS radiances is summarized by 
Adler (IDYT)) j.ijd described in detail by Adler (1974). Basically, geopotential 
thickness or 1 lyer-mean temperature information is determined from the SIRS 
data by n line.ir regression technique. The dependent variables in the regres- 
sion prof’edure are the thicknesses for the four following layers: 1000-700 mb, 
700-500 mb, 500-300 mb and 300-200 mb. The independent variables are the 
radiances oi the eight SIRS channels. Separate regression equations are de- 
termined tor f’aci) layer and for each of the following latitude zones in both 
hemispheres: 20-40°, 40-60° and 60-80°. 

The r.iciance data used is restricted to that portion determined to be "cloud- 
free" l)j ail '.tbiocLive procedure based on the radiance data itself. Approximately 
15% of the original data is eliminated as cloud-contaminated. The standard 
errors of estiiiiate for the derived regression equations are comparable to those 
in other st idi s (e.g. Smith, Woolf and Jacob, 1970). 

The goepotential height information at 200 mb is obtained by adding thick- 
nesses to a U'OO mb height field. In the N.H., the NMC 1000 mb height fields 
are used. In .ho S.H., 1000 mb height analyses are obtained by converting dailv 
surface pressure analyses of the Commonwealth Bureau of Meteorology, 
Australia. The S.ll. surface pressure analyses are nearly hemispheric in scope, 
but vherethey are blank, the field is filled in subjectively by a combination of 
extrapoJat’on and climatology. 
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The major limitation of the atmospheric structure obtained from the satel- 
lite radiances in this way is that longitudinal or east-west gradients tend to be 
underestimated. The reasons for this underestimation are discussed by Adler 
(1974, 1975). The effect is related to the distribution of satellite data and the 
tendency of the regression equations to produce accurate results near the mean 
thickness for a particular latitude band, but to undervalue deviations from that 
mean. The magnitude of the underestimation is evident in the N.H. comparisons 
between the conventional-based and satellite-based statistics. Because of this 
limitation, the emphasis here is not always on absolute magnitudes, but often on 
relative magnitudes (S.H. compared to N.H.). 

3. Zonal and eddy kinetic energy 
a. zonal flow 

The standard notation for means and deviations will be used in the fol- 
lowing discussions. Time and longitudinal averages will be denoted by an over- 
bar and brackets, respectively, and deviations from these means are marked by 
a prime and asterisk, respectively. Therefore, [ii] represents the time and 
longitudinal mean of the zonal flow. 

Fig. 1 shows the distribution of the zonal mean geostrophic wind at 200 mb 
in the S.H. for July and January. The zonal mean winds as determined from the 
SIRS-based 200 mb heights are presented along with the climatolog>’ curves 
based on Taljaard et al. (1969). The two profiles for each month agree fairly 
closely, considering one is from a climatological distribution and the other is 
for a specific one month period. In winter (Fig. la), a secondary peak at 60S is 
evident in the SIRS profile, while the climatological curve shows only a very 
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weak relative maximum farther north. Since the SIRS cur\’e is based on only one 
month of data, the existence of a secondary peak on a year-to-year basis is still 
very questionable. However, conventional data, upon which the climate curve is 
based, is very sparse in the 50-65S region. Therefore, that curve may also be 
open to question. 

The exif-uence or non-existence of the secondary maximum in [u] during 
winter lias bt en discussed by Webster and Curtin (1974). Their data from the 
EOLE constant density balloon expei iment does not show the second peak; how’- 
ever, the number of balloons aloft in midwinter was relatively small and the 
results during: .Tune, July, and August may not be repre sensitive. From clima- 
tological crovs-sections especially at particular longitudes (see Van Loon, 

1972), there appears to be a basis for a second peak of [li] . The existence of 
the peak may depend heavily on the averaging period. Such a maximum may 
often exist on a monthly basis, but an average over a number of years of the 
same calendar month may reduce or remove the peak. 

The /.(•nal kinetic energy (KZ) calculated from [u] has already been dis- 
cussed by Adler (1975). The most striking difference between the N.H. and S.H. 
is in the magnitude of KZ in the summer. At 200 mb the S. H., KZ is approxi- 
mately throe times as great as that in the N.H. This difference, of course, re- 
llects the lu ge difference in the [ii] pattern in summer, with the peaks in the 
S.H. and M.M. being approximately 30 ms“* and 20 ms”' , respectively. 


b. eddy kinetic energy 

The eddy kinetic energy (KE) is defined, using the standard notation as: 


KE = 


[v75] , Lv*2] 


( 1 ) 
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The star.ding and transient eddy portions of KE are given by: 


KE(s.andin.) = l5:!i^ (2) 

KE(transient) (3) 

In this case the time average is for a period of one month. 

Some aspects of S.H. 200 mb eddy kinetic energy* have already been examined 
by Adler (1975). The primary conclusion of that study was that at 200 mb the 
eddy kinetic energy (KE) is of about the same magnitude in both the N.H. and 
S.H., both in winter and summer. It was also shown that a smaller percentage 
of KE is contained in the standing eddies in the S.H. than in the N.H. The pur- 
pose of the present discussion is to examine the kinetic energy in terms of zonal 
and meridional components. 

Tables 1 and 2 indicate the magnitudes of the mean 200 mb eddy kinetic 
energy associated with u and v components in the winter and summer. The 
values are area-weighted averages over the latitude band 20-80®. N.H. values 
computed from SIRS-based 200 mb height fields and from NMC height fields are 
presented for comparison with the S.H. values. A comparison of the N.H. NMC 
and SIRS columns, makes it obvious that the energies are being underestimated 
by the SIRS-hased calculations by approximately a factor of 2. However, the 
ratios of standing to total energy (rows 3 and 6) in the N.H. NMC and SIRS col- 
umns agree favorably. The reasons for the underestimation were mentioned in 
Section 2 and are discussed in detail by Adler (1974, 1975). 
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Table 1 


W inter Zonal and Meridional Eddy Kinetic Energy 
for Latitude Band 20-80°. Units s ^ . 



N.IL 

S.H. 

Winter 

January 

1970 

NMC 

January 

1970 

SIRS 


(Standing) 

37.8 

18.0 

18.0 

( 

j (tc ^al) 

90.7 

50.2 

51 .5 

1 ratio 

1 

0.42 

0.37 

0.35 

2 

— tstandin'l 
2 

17.7 

8.3 

4.0 

V* 

— (total) 

84.5 

36.4 

40.4 

ratio 

0.21 

0.23 

0.10 
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Table 2 

Summer Zonal and Meridional Eddy Kinetic Energy 
for Latitude Band 20-80°. Units: m^ s”^ . 



N.H. 

S.H. 

Summer 

July 

1969 

NMC 

July 

1969 

SIRS 

January 

1970 

SIRS 

(standing) 

2 

22.5 

11.8 

8.7 

11^ 

y (total) 

59.8 

30.4 

37.0 

ratio 

0.38 

0.39 

0.24 

y (standing) 

11.2 

5.3 

3.4 

^ (total) 

54.3 

24.9 

28.4 

ratio 

0.21 

0.21 

0.12 














T ie characteristics of the eddy kinetic energy in the S.H. as compared to 
the N.H. can be examined using the last two columns of Tables 1 and 2. These 
contain the satellite- based calculations in the two hemispheres. Although the 
SIRS-i>aseH values for the eddy energy are underestimates, the amount of under- 
estimation should be approximately equal in the two hemispheres. Thus the 
N.H. and S 1!. values <-an be examined to obtain relative magnitudes. 

In winiur (Table 1) the eddy kinetic energj of the zonal component is 

approximau 'v the same in the two hemispheres. This is true for both the stand- 
ing and total energy and hence for the transient wave cnorg>-. However, the 
meridional component (v^/2), in the lower half of Tabic 1, ind’cates a sharp 
difference betv een the hemispheres in the standing eddy energy and in the ratio 
of standing to total eddy energy, \\ hile the values of total eddy kinetic energy 
in the meridional component an* ai)out equal, the S.H. standing |K)rtion is one half 
that of llio N.JI. This results in a S.H. ratio of 0.10 compared to 0.2.3 for the 
N.H. The zon.'H coini)onent ratios arc ai)out the same aiiove and below the equa- 
tor. Therefore, in winter the principal difference Ijetween the hemispheres with 
respect to eddv kinetic energy is in the relative contril)utions of the sUinding and 
transient eddies to the meridional component of the eddy kinetic cnergv. The 
zonal component, on the other hand, has ejuib' similar magnitudes in the two 
hemispheres v.ith regal’d to both the standing and transient portions. 

For the summer month (Talile 2) the zonal edd> kinetic energy, u^/2 (total), 
is larger in the S.H. than in the N.H. This is reasonable since the mean zonal 
flow [Tl] and the zonal kinetic energy are so much larger in the S.H. The term 
v^/2 (total) is about the same in two hemispheres during this season. The S.H. 
stan<ling-to-total latio is sm.iller for both components in summer. As can be 
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seen from Tables 1 and 2, standing eddies contribute only half as much to the 
meridional eddy kinetic energy in the S.H. as they do in the N.H. The difference 
between the hemispheres in this regard for the zonal component is evident only 
in the summer. 

Kao, Jenne,andSagendorf (1970) present values of zonal and meridional 
eddy kinetic energy (both standing and transient) for various latitudes in the S.H. 
for the 500 mb level. Their study is based on conventional data from the Inter- 
national Geophysical Year (IGY). Based on their tabulated values, one can cal- 
culate the ratios of standing to total energy for both components at 500 mb. The 
result is substantially lower values for both components and for both seasons. 
Therefore, Kao et al indicate loss energy in the S.H. standing ec’dies than does 
the present study. The earlier study, however, was based on the sparse S.H. 
radiosonde network of the IGY. The validity of the ratios in the current, satel- 
lite-based study is bolstered by the good as **eement between conventional-based 
and satellite-based calculations in the N.H. Therefore, although the standing 
eddies in the S.H. are much weaker than in the N.H., they may be more signifi- 
cant than previously thought. 

4. Spectral Characteristics 

a. wave number spectra of u and v 

The spectral coefficients are calculated from the daily 200 mb analyses 
and then averaged over the month to determine the mean spectra for the month. 
Spectra are also calculated from the monthly mean fields to determine the 
stationary eddy components. Because only a month of data goes Into each spec- 
trum, the results must be treated cautiously. For this reason, the spectra de- 
rived in this study are compared to previously derived spectra to ascertain 
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th^lr I'epresiMitativeneBB. Unlike previous S.Il. calculations, the current ones 
have the :i(lvanta({e of an immediate comparison with N.H. values calculated in 
an identical fashion from a very similar data l>ase. 

Figb. and 3 display the wave number spectra for winter in both hei.d- 
spheres for latitudes 30° and 50°, respectively. Fig. 4 shows the summer 
spectra for In winter latitude 30° is the approximate location of westerly 
wind ma.\iinum In both hemispheres, while in summer the maximum is located 
in the vicinity of 50°. In each diagram there are two N.H. curves: one leased 
on calculations from the NMC gridded data, the other derived from the satcllite- 
ixiscd atmospiieric structure. The spectra arc discrete and the lines connecting 
each calr;u!atc"' ooint at k = 1,2 . . . arc merely to aid in displa\1ng the 
rlistributioM. 

The N.il, -poctra in Fig. 2 (winter, 30°) indicate that the underestimation 
of eddy amplil"fles bv the satelUtc-i)ased information increases (ix?rcentage-wisc) 
with increasing wave number k. However, the satellite-based spectra do show 
the same gem ral characteristics as the conventional-liased ones. For u^/2, 
the N.H. hits a peak at k = 1, a sharp drop-off of energy out to k * 3, and then a 
less rapid decrease. The S.H. spectrum also lias its peak at k = 1, although 
wave numlicr 2 dues not contributi' relatively as much at 30S as at 30N. The 
energy in o?/2 (k = 1) at 30S is primarily in the stationary odd> (73't), while 
k « 2 has a Tiu».h lower stationary contriliution (2(5%). Beyond k * 3 the contribu- 
tion is negligible. In the N. H.,the wave numbers 1 and 2 have large 70%) 
standing components and w-aves k = 3,4 also have significant (y 25-40%) sta- 
tionary contributions. The large amount of energy in standing wave number 1 
in both iicniispheres is due to the cceentricity ol the polar vortex. 
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The spectra for the meridional component, v, at 30° (Fig. 2b) indicate the 
usual peaks at intermediate wavelengths. The agreement Ixitween the two N.H. 
curves is not good, although the positions of the absolute maxima are only one 
wave number apart. The S.H. spectrum shows a peak at k* 5, which agrees well 
with a peak in the 500 mb v spectra at k * G noted by Kao, Jenne and Sagendorf 
(1970) at 20S and 40S. The calculated percentage contribution of the standing 
eddies at k ■ 5 is 1%. The two surrounding wave numbers 4 and 6 have percent- 
ages of 20% and 11%, respectively. Therefore, the energ>' in the peak is almost 
completely associated with the transient waves. At similar wave numbers in the 
N.H., the s^cnfiii g eddy portion is larger ('^20-30%). 

netter agreement l)etween the conventional and satellite-based calculations 
is evident in Fig. 3 for winter at 50° latitude. This closer agreement is related 
to the distrilxition of satellite data. The zonal spectra derived from Ixith satel- 
lite and conventional data (Fig. 3a) have their peaks at k * 2 in the N.ll. This 
disagrees with the N.H. mid-latitude spectra of Kao and Wendell (1970) at 200 mb, 
Kahn (1962) at 200 mb, and Saltzman and Fleisher (1962) at 500 mb, all of which 
have the zonal energj- peak at k= 1. Benton and Kahn (1958), however, do show 
peak energ>' at k » 2,3 at 300 mb. Therefore, although l>oth N.ll. spectra have 
a zonal energy peak at k * 2 ''ir J.anuary 1970, most other studies indicate the 
peak occurring at k = 1 in d'fferent years. The S.H. peak in Fig. 3a at k ■ 1 can 
Ihj compared to Kao et al (1970) with peaks at k “ 1 (40S) ;ind k » 2 (60S), lK)th at 
500 mb. Since the energy ink* 1 is dependent on the eccentricity of the polar 
vortex, slight variations in vortex orientation will produce large changes in wave 
number 1 energy. Therefore, the wave number location of peak zonal er.ergv' is 
probably not a good parameter for inter-hemispheric comparison with such a 
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short time sample of data. However, it is obvious that the S.H. has a much more 
rapid de*-rease of zonal energy going toward higher wave numbers. 

Aporoximately 35% of the energy in k = 2 (N.H.) is contributed by the sta- 
tionary eddy. In the S.H., k = 2 has much less energy in the zonal component 
and ess.mtiaily all that energy is in the transient portion. Wave number k = 1 
in the S.H. is calculated to have an 81% stationary contribution. 

The spectra of vV2 in Fig. 3b indicate perhaps the most striking disparity 
between the hemispheres. In the N.H. (50N) there are two peaks, at k = 2 and 
k = 6; at 50S there is one peak, at k = 4. At 50N the peak at k = 2 is predomi- 
nently sution \**y wave energy (calculated values of 86% and 67% for the NMC 
and SIRS values, respectively), while at k = 6, the standing contribution is very 
small ( • 10%). A double peak in v spectra at northern mid-latitudes is evident 
in most, but not all. previous studies. Saltzman (1958) indicates peaks at k= 3, 

6 for one January at 500 mb. Benton and Kahn (1958) and Kahn (1962) display 
peaks at the same wave numbers for a two month winter period at 300 mb and 
200 mb, respccti"ely. One of these ."wo months, however, coincides with Saltz- 
man's January. Saltzman and Fleisher (1962) present tables indicating peaks 
at k = 3,5 for the cold six months of one year at 500 mb. However, the results 
of Kao and Wendell (1970) at 40N and 60N at 200 mb do not show double maxima, 
but h.ave one peak at k = 5 at 40N and one peak at k = 3 at 60N. Therefore, 
although the double peak in the meridional spectrum is not in evidence in all 
studies, it is a common characteristic. The N.H. spectra of the present study 
can thus be considered representative. Also in agreement with the present 
invc.'^tigation these previous studies have the stationary eddies dominating the 
energy in the low wave numljer peak, w'hile the transient w-aves are the main 
contributors at the k ~ 5,6 peak. 
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At 50S the meridional spectra of the present study show maxima at k « 4 in 
both summer and winter. Wave number k = 5 has the second largest energy 
associated with it in both seasons. Therefore, wave numbers k « 4,5 appear to 
be the preferred wavelengths in the S.H. with wave number 4 having the maxi- 
mum energy. The energy associated with these waves is almost entirely in the 
transient mode. Other S.H. investigations also exhibit spectral peaks in the 
same wave number region. Price (1975) displays S.H. spectra based on conven- 
tional data which have k = 4 as the dominant wave number. Kao, et al (1970), 

show peaks in the spectra at k = 6 (40S) and K = 5 (60S) in winter 
using geostrophic 500 mb winds calculated from the nY data field:.', .\lthough 
their spectra do not have their absolute maxima at k = 4, the broader peaks of 
their study contain most of the energy in the wave numbers k = 4,5,6 (40S) and 
k = 3,4,5 (60S). In summer, peaks at k = 5 and k = 4 at 40S and 60S, respectively, 
are also noted by Kao et al (1970). Although previous S.H. studies are limited by 
the sparseness of the conventional data, they are still in good agreement with 
the results of the current study. 

A summertime spectrum at 45S is also available from Desbois (1975). His 
spectrum is based on winds determined from tracking EOLE constant-level balloons 
at 200 mb. For the October 1971-February 1972 period, the meridional spectrum 
has a maximum at k ■ 5,6. Although this maximum is at slightly higher wave 
numbers, it is in general agreement with the spectra of the current study. 
Differences in these spectra are due to differences in the type of data, length 
of time interval used and natural variation. 

The contrast in the N.H. and S.H. meridional spectra in Fig. 3b has possible 
implications with regard to the energy conversion process in the two hemispheres. 
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The winter-time conversion of eddy available potential energy to eddy kinetic 
energy in the N.H., when examined spectrally, has two peaks: at k = 2 and k = 6 
(Saltzman and Fleisher, 1961; .Viin-Nielsen, 1959). The maximum at k = 6 is 
the larger of the two. These two peaks correspond to the maxima in the N.H. 

V spectra (Fig. 3b). This agreement merely reflects the association of poleward 
How with ascent and equatorward flow with descent. Assuming the same rela- 
tionships hold in the S.H. means that most of the energy conversion processes 
are occurring there on the scale of wave numbers 4-5. Thus the energy con- 
version processes in the S.H. are apparently carried out predominantly by 
transient eddies of a slightly largei size than their N.H. transient counterparts. 

b. .uiisc'ropy 

^Vooifixicige ctnd Reiter (1970) indicate that significantly larger horizontal 
:xnisotropy at cyclone wavelengths exists in the S.H. compared to the N.H., with 
the v component being larger than the zonal component u. This concluPion is 
iiased on relative velocities of balloon pairs flown as part of the GHOST balloon 
program at '*0u mb over the S.H. The calculated geostrophic winds of the present 
study offer a data set to examine this characteristic. 

The ratio of n^/v^ '^as calculated and plotted as a function of k for latitude 
50° in both hemispheres, for both winter and summer. The results are shown in 
Fig. 5. The t\vo N.H. curves (conventional and satellite-based) are in good 
agreement. For k > 3, the S.H. distribution is quite a bit different from that in 
the N.H. in winter, and slightly different in summer. In winter, the ratio of 

is smaller in the S.H. for intermediate and shorter waves (k > 4). The 
difference is greatest at k = 4,5. These are the wave numbers of peak meridional 


energy (see Fig. 3b). The summer distributions (Fig. 5b) show a smaller dis- 
parity and then only bet^^'een wave numbers 3 and 5. At 30® latitude (diagram 
not shown here) in winter, the distinction shown in Fig. 5 does not occur. How- 
ever, at mid-latitudes the S.H. does ^pear to have a tendency, especially in 
winter, to produce waves strongly anisotropic with the v component dominating 
the VI component more than in the N.H. This confirms the observation of ool- 
dridge and Reiter (1970) and again indicates the intensity of meridional flow in 
S.H. eddies. 

5. Conclusions 

The flow at near-tropopause levels in the S.H. has significantly different 
characteristics than the comparable portion of the atmosphere north of the 
equator. This is apparent in the patterns of zonally-averaged flow, distributions 
of eddy kinetic energy, and in the spectral characteristics. The general picture 
of che S.H. upper tropospheric flow that is revealed is quite different from that 
of smooth zonal flow given by climatology. 

In terms of the magnitude of the eddy kinetic energy, the eddies of the S.H. 
are as significant as those in the N.H. This is true for both the zonal and 
meridional components. However, the eddy kinetic energy of the two hemispheres 
does differ with regard to the relative contributions of standing and transient 
eddies. In general the S.H. is more highly dependent on transient eddies. This 
is especially true of the north-south component of the flov/. Asa result, time 
mean fields fail to show large eddies, particularly meridional eddies. Zonal 
eddy kinetic energy statistics are quite alike above and below the equator (Table 1). 
This is the case for both the standing and transient parts. With the meridional 
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eddy kinetic energj’ the story is much different. Although the total meridional 
eddy kinetic energy is nearly the same in the N.H. and S.H., the standing portion 
in the S.H. is only one half as large as that in the N.H. In summer (Table 2) the 
zonal eddy kinetic energy is larger in the S.H., although the meridional energy 
is aliout the same. Both components display smaller standing eddy contributions 
in the S.H. Although the standing eddies are less important in the S.H. than in 
the N.H., the present stud}' shows evidence that they are greater contributors to 
the eddy kinetic energy than previously thought. 

The meridional spectra for the S.H. indicate a preference for wave numbers 
k = 4,5. The energy at this wavelength Is predominantly in the transient waves. 

In winter a single y.'eak at k = 4 is noted at 50S, while at 50N peaks at k = 2 and 
k = 6 are evidf?m. Because energy conversion processes are tied closely to 
north-south flow, S.H. energy' conversions are probably carried out by inter- 
mediate sized transient waves, while in the N.H. large stationary and transient 
synoptic-scale (k ~ G) waves are the principal converters. 

Examination of 200 mb horizontal anisotropy as a function of wavenumber 
at latitude 50° reveals that the S.H. has a tendency to have the scale of meridional 
flow dominate over the zonal flow more than in the N.H. This feature is most 
evident in winter at k > 4. In summer it is restricted to k = 3,4,5. Therefore, 
the S.H. 200 mb flow at intermediate and shorter wavelengths appears to be in- 
fluenced strongly by meridional motions, more so than even the N.H. 

The zonal ly-averaged zonal flow patterns derived in the present study gen- 
erally agree with S.H. climatology. The [n] pattern for July (winter) does, 
however, indicate a high latitude (60S-65S), secondary maximum which does not 
appear in some other published distributions. 
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I Figure Captions 

1. Zonal mean geostropic wind at 200 mb in the S.H. for July and January. 

2. Spectra of winter 200 mb geostrophic flow at 30° latitude, (a) zonal com- 
ponent, (b) meridional component. 

' 3. Spectra of summer 200 mb geostrophic flow at 30° latitude, (a) zonal com- 

> ponent, (b) meridional component. 

I 

4. Spectra of winter 200 mb geostrophic flow at 50° latitude, (a) zonal com- 
ponent, (b) meridional component. 

5. Anisotropy. Ratio of zonal to meridional spectra coefficients at 200 mb at 
50° latitude, (a) winter, (b) summer. 
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Figure 1. Zonal mean geostropic wind 
at 200 mb in the S.H. for July and January 
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Figure 2 . Spectra ol winter 200 nib geostrophic 
flow' at :i0° latitude, (a) zonal component, (b) mer 
idional component 
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Figure 3. Spectra of summer 200 mb geostrophic 
flow at 30“ latitude, (a) zonal component, (b) mer- 
idional component. 
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Fipirc Spc'^tra of winter 200 ml* ^;ootirophic 
flow at 50“ latitude, (a) zonal component, (b) mer- 
idional component. 
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